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The Beginning of SBRT

Reproducibility 5-8 mm for 90% of setups

Diaphragmatic movement limited to 5-10 mm 
with pressure.

Original clinical report (1995) of first 31 
patients, primarily solitary tumors in the liver 
and lung. Doses from 7.7 - 45 Gy in 1 to 4 
fractions.

Setup accuracy evaluated in 30 patients 
using CT and port films; conclude that a 5 
mm margin for PTV is sufficient if CT is 
performed prior to every treatment. Deviation 
of < 10 mm (AP and Lat) in 98% of targets. 

Blomgren et al, Acta Oncol. 34:861-70, 1995

Lax et al, Acta Oncol. 33:677-83, 1994

Wulf et al, Radiotherapy Oncology 55:225-236, 2000



2/27/2017

2

Hamilton et al, Neurosurgery 36; 311-319, 1995

Rigid skeletal fixation above and below the involved 
segments

Linac delivery with circular collimators / arcs or IMRT

System accuracy ≤ 2.0 mm 

8-10 Gy Rx with no portion of cord receiving > 3 Gy

1995 – 1st successful spinal radiosurgery

Effective treatment for oligometastatic disease 

Fewer fractions, more convenient, shorter break from chemotherapy

Higher doses should be more effective

Faster, more durable palliation

Less normal tissue irradiated

Ability to retreat

Spine Mets - Why Radiosurgery?

But ……

Technically challenging, little margin for error, 
paucity of data on cord tolerance to single fraction

Other potential complications include: mucositis, 
laryngitis, esophageal stricture, and compression 
fracture
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7 Participating Institutions

24 item questionnaire covering 5 broad areas:

(1) policies and procedures,

(2) training requirements,

(3) surgeon involvement,

(4) the role of industry and professional organizations,

(5) perceptions regarding the importance of credentialing requirements.

Strong Agreement
• Formal credentialing process for all physicians, physicists, and 

therapists;
• Need for a written policy specific for spine radiosurgery 

credentialing;
• Reliance upon in-house proctoring system for physicians, physicists, 

and therapists;
• Credentialing should be device specific;
• Professional organizations develop guidelines for institutions 

credentialing requirements;
• Importance of credentialing for safety and clinical outcomes.

Some Agreement
• Requirement to have more than one specialist trained to perform 

spine radiosurgery as a back up.
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Timmerman et al, Sem Rad Onc, 2008

Timmerman Dose Constraints
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Timmerman et al, Sem Rad Onc, 2008

Timmerman Dose Constraints

Timmerman et al, Sem Rad Onc, 2008

Timmerman Dose Constraints
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Risk of Spinal Myelopathy

*
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RTOG 0631 –Phase II/III study of image-guided 
radiosurgery /SBRT for localized spine metastases

IGRT Required

Spinal cord defined 
based on image fusion 
between CT and MRI 

Systematic use of dose 
constraints

Primary endpoint is 
complete or partial pain 
relief

Spine Planning

MR carefully fused to CT
Delineate cord and canal

Generally single fraction, occasionally up to 3
Almost always IMRT
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RTOG 0631 –Phase II/III study of image-guided 
radiosurgery /SBRT for localized spine metastases

Allowed vertebral levels and target definition

Spinal cord definition and constraints

Spine Planning

Multiple coplanar beams / VMAT

Spinal Cord defined 6 mm above 
and 6 mm below target vertebral 
body

Cord constraints:
Max point dose 14 Gy
<0.35 cc receives 10 Gy
<1.2 cc receives 7 Gy
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Dose Distribution

20 Gy

14 Gy

Spine SRS
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Spine SRS: GTV (red), CTV (blue)

Spine SRS: 20 Gy to GTC, 14 Gy to CTV
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4DCT???    Motion Management???    Dose Algorithm???

GTV - Pencil Beam

91.3% receives ≥ 20 Gy

Max Dose 2423 cGy
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GTV - Monte Carlo

47.3% receives ≥ 20 Gy

Max Dose 2255 cGy

95.0% receives ≥ 14 Gy

Mean Dose 1671 cGy

CTV - Pencil Beam
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79.3% receives ≥ 14 Gy

Mean Dose 1532 cGy

CTV – Monte Carlo

Max Dose 961 cGy

Spinal Cord - Pencil Beam
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Max Dose 858 cGy

Spinal Cord – Monte Carlo

BrainLAB ExacTrac 6D
X-ray tubes recessed in floor

Flat panels mounted to ceiling

Accuray CyberKnife
X-ray tubes mounted to ceiling

Flat panels recessed in floor

Image Guidance for Spine is Essential
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CBCT for Spine 
Localization

Reference CT CBCT
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Intrafraction Motion

Patient Specific Dosimetry



2/27/2017

20

Patient Specific Dosimetry

Patient Specific Dosimetry
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Mock targets contoured in a specialized spine phantom 
per RTOG 0631

(a) vertebral body,
(b) all elements of a single vertebral level 

completely encircling the spinal cord,
(c) the posterior spinous process,
(d) two consecutive vertebral bodies

Repeated in both thoracic and lumbar spine 

(a) / (d)

(b)

(c)

Tomo: 2 helical passes
superposition/convolution

Vero: 13 coplanar IMRT beams
Monte Carlo (thoracic)
Pencil Beam (lumbar)

TrueBeam: 2 RapidArcs
AAA Algorithm
Repeat for flattened and FFF

CyberKnife: 3 fixed cones (10, 15, 25 mm)
Ray Tracing

Planned and delivered on
(a) / (d)

(b)

(c)
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IGRT used for phantom setup

Thoracic targets and cord verified 
using ion chamber - Exradin A16 
0.007 cc

Thoracic targets verified using 
laser cut GafChromic EBT film

+

+

For Plan C, the IC is not within the target, so measurements 
have significant uncertainty and were not reported

(c)

+
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CK would be faster with IRIS collimator

Single fraction SBRT plans designed for 4 targets for 4treatment modalities: 
RapidArc, Tomotherapy, CyberKnife, Vero

Plans prescribed to 16 Gy to cover 90% of the target volume using 
constraints from RTOG 0631

Repeated for thoracic and lumber levels



2/27/2017

25

Lowest cord doses and sharpest falloff in CyberKnife and Vero 
plans, particularly for small targets
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• 93 patients and 103 spinal mets
• Solid Malignancy, No prior surgery, No compression, No 

instability, No prior XRT
• Single fraction 18 – 24 Gy, Cord limited to 14 Gy
• Actuarial local control rate 90% (median follow up of 15 

months)
• No Myelopathy Yamada et al, IJROBP 2008; 71(2):484-90

Yenice et al, IJROBP 2003; 55(3):583-93

Clinical Results

• 230 mets in 177 patients
• 1-2 contiguous levels, ≤ 3 sites, no prior XRT, varying histology 

and spinal levels
• Single fraction 8 Gy - 18 Gy prescribed to 90% isodose line
• Median follow up 6.4 mo (range 0.5 – 49)
• 1 case of cord injury at 13 months

• Estimated that 10 Gy to 10% of the cord 
as defined 6mm above and below the 
target is safe

Ryu et al, Cancer 2007; 109(3):628-36

Dose Response to Spine SRS
91 lesions in 79 patients
Prescribed 18-24 Gy
Cord constrained to14 
Gy
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Spinal SRS Complications
5 reported cases of myelopathy in de novo SRS 
cases

Max 
Cord Dose

10.6 Gy
13.1 Gy
14.6 Gy
25.6 Gy
30.9 Gy

# 
Fractions Dose (0.1 cc)

8.5 Gy
6.9 Gy

13.7 Gy
24.7 Gy
27.8 Gy

1
1
1
2
3

Gerszten et al, Neurosurg, 2008
Gerszten et al, Neurosurg, 2008
Ryu et al, Cancer, 2007
Gibbs et al, Radiother Onc, 2007
Dodd et al, Neurosurg, 2006

5 reported cases of myelopathy in patients with prior 
irradiation

Spinal SRS Complications
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Swine SRS Spinal Cord Study – 25 animals per arm

External Beam
(10 times 3 Gy)

SRS Hemi-cord
(5 Dose Groups)

Pathological
Examination

Wait 1 year

MRI and Eval.
(1 years)

SRS Hemi-cord
(5 Dose Groups)

Pathological
Examination

Arm #1 Arm #2

MRI and Eval.
(1 years)

Arm #3

SRS Whole-Cord
(5 Dose Group)

Pathological
Examination

Wait 1 year

Spinal Cord Tolerance
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What about prior irradiation?

External Beam
(10 times 3 Gy)

SRS Hemi-cord
(5 Dose Groups)

Pathological
Examination

Wait 1 year

MRI and Eval.
(1 years)

Arm #1
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No Difference

10

Answer: Specifies a maximum cord dose of 14 Gy

Refs: RTOG 0631

1. RTOG 0631:

a) Permits treatment of three contiguous vertebral bodies

b) Randomizes patients to one or three fractions

c) Has a primary endpoint of local control

d) Always requires treatment of the entire vertebral body

e) Specifies a maximum cord dose of 14 Gy
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Answer: CyberKnife delivery is significantly longer than that on conventional 
linacs or Tomotherapy systems

Ref: Nalichowski et al, JACMP, 2016

2. Spinal SRS …. 

a) Has never been performed without image guidance

b) Is only delivered in a single fraction

c) Should never be performed if the patient has received 
prior irradiation

d) Is delivered the fastest on a Tomotherapy unit

e) Is delivered the slowest on a CyberKnife unit

Thank You
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